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I. INTRODUCTION For hundreds of years, doctors have been using lung sounds to diagnose bodily ailments with various degrees of accuracy. A stethoscope, invented in France in 1816 [1] , was the first tool to aid in the process of auscultation. This simple device amplified lung sounds and allowed doctors to better analyze these increasingly important physiological signals. In the early 1900s, after several improvements, the binaural device was patented in the United States. Since then, the modern stethoscope has not changed substantially. Unlike the stethoscope, the field of electronics has advanced rapidly, and has encouraged the development of many medical technologies [2] . This design project attempts to implement the computational power of modern computers to automate lung sound analysis. Such an approach diminishes the effect of human error inherent to doctors' diagnostic ability [3] . Current research in automated pneumonia diagnosis supports the feasibility of this study [4] . This project, however, takes the problem one step further by identifying subtle differences between the lung sounds associated with two prevalent respiratory diseases: asthma and pneumonia. It is expected that the proposed device will be easy to use and that later generations of the device may ultimately replace the acoustic stethoscope in healthcare facilities.
II. METHOD OF DESIGN
In the early phases of the design process, we became interested in determining the root of the discrepancy between the advancement of electronics and the actual use of this technology in pulmonary analysis and diagnosis. The initial speculation that electronic stethoscopes may be too expensive to be widely used brought about the formulation of the original problem statement:
To optimize the design and manufacturability of an electronic stethoscope, as well as increase the respiratory diagnostic functionality of the product.
Further research and a realization that our problem statement could limit our design space (use of a stethoscope for pulmonary diagnosis) prompted us to broaden our problem statement to encompass other types of respiratory diagnosis techniques and refocus on a specific problem rather than on a specific solution. The revised problem statement is as follows:
To design a low-cost respiratory signal classification system that will identify characteristics of respiratory abnormalities, and, in particular, distinguish between pneumonia and asthma, two disorders whose symptoms may overlap.
Part of the project definition came from realizing our project's budget constraints. Another important modification to the definition is the emphasis on the development of a system, not just an instrument or device. Considering our objectives, it seemed best to approach the problem from a multifaceted perspective. Pneumonia and asthma were chosen as they are two common respiratory disorders which may be difficult to diagnose using solely traditional auscultation.
The problem definition expressed our objectives while taking our constraints into consideration. The functions we wanted our system to perform were also considered, which led us to our conceptual design.
A. Design Selection
We considered several different design alternatives for our system, including a microphone system, a vibration sensor, a cough detection system, an air-flow detection system, a druginduced diagnosis technique, and x-ray imaging. The selection was made by using a simple pair-wise comparison chart to evaluate each design on its ability to meet several previouslyestablished weighted objectives. The main criteria were the system's ability to give correct diagnoses, its user-friendliness, its patient-friendliness, and the costs of both development and use. (Each objective was well-defined and contained a detailed 
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quantifying method for the purposes of comparison.) The microphone system was selected; a block diagram of this system is shown in Fig. 1 .
B. Detailed Design
The hardware acquisition system used in this study is comprised of a specialized physiological microphone (TSD108) conncted to a differential amplifier (DA100C), both available from BIOPAC®. The sound is recorded in BIOPAC®'s AcqKnowledge software package.
Acquiring the lung sound signals digitally permits the use of an unprecedented number of analytical tools. Using software packages such as MATLAB® and LabVIEW® the system was able to extract many useful features from the lung sound recordings and use them to differentiate between healthy and diseased breathing patterns. In addition to producing an audible output like that of a conventional stethoscope, this device is capable of generating a visual representation of the processed data, called a spectrogram. An example of a spectrogram can be seen in Fig. 2 .
This study uses three main categories to analyze lung sounds: spatial-domain identification, time-domain properties and frequency-domain content. All three categories contain features characteristically different when comparing healthy and diseased lungs. A combination of these multivariable findings is used in computing two scores: an asthma score and a pneumonia score, similar to the method in [4] . The relative values of the scores will classify the recorded sound as healthy, asthmatic, or pneumonic.
Spatial-domain describes the location of the lung sound acquired for diagnosis. Certain disease indications appear in the lower lobes of the lungs only, while others are evenly spread throughout the lung tissue. Besides simple identification, the location and spread of the abnormal sounds can also indicate the severity of the disease state.
Time-domain variables include the breath period of the subject (shorter periods are indicative of air pathways obstruction) and the relative length of inhalation and exhalation (forced exhalations due to disease may affect this ratio). These features of the sound do not provide strong evidence of either disease state, and are therefore assigned low significance when computing the overall disease scores.
Frequency-domain analysis focuses on identifying abnormal lung sounds. The two major classifications of abnormal sounds used in this study are crackles and wheezes, both of which are usually present in diseased lung sounds. Crackles, further classified into fine and coarse types, are indicative of various respiratory conditions depending on their location, duration, and overall count [5] , whereas wheezes are more prevalent in asthmatic subjects. Identifying and distinguishing between crackles and wheezes is a simple computational task because the two sound types have unique frequency components [6] .
When correlated, the findings from the three domains should provide sufficient information about the subject's lung to classify it as asthmatic, pneumonic, or healthy.
III. FUTURE CLINICAL TRIALS
In the first stage of this project, the algorithm was developed using freely-available recorded lung sounds. In the next stage, which is currently pending IRB approval, the lung sounds of 60 consenting subjects will be recorded. Subjects will be recruited based on their membership in three groups: one third (20) of the subjects must exhibit breathing characteristic of normal respiratory health, one third must be diagnosed with asthma, and one third must be diagnosed with pneumonia. These baseline diagnoses will be made by conventional, accepted methods, such as a physician's physical examination and chest x-ray imaging. The subjects will be between the ages of 0 and 24, and will be recruited from a pediatrician's clinic in Worcester, MA.
The classification algorithm will be applied to the recorded sounds, and the correlation between the process's results and the original diagnosis will be found.
IV. CONCLUSION
While there have been many developments in the automated detection of adventitious lung sounds [5, 6] and several notable attempts [4] to link the presence of these sounds to a diagnosable illness, there do not appear to be any published studies that endeavor to differentiate between two similar diseases in this manner. The rudimentary differential diagnosis algorithm proposed in this study aims to fill that specific niche. Pending the results of the clinical trial suggested above, the device developed in this study could become a sensitive diagnostic tool used for respiratory disease diagnosis. 
